Introduction
The use of HAART to reduce HIV-1 RNA plasma concentrations, increase CD4 þ cell counts, and prevent onward HIV transmission, referred to as HIV Treatment as Prevention (TasP), is a key component in combination HIV prevention strategies [1] [2] [3] . TasP-based strategies have reduced morbidity and mortality among those already living with HIV infection and decreased rates of new HIV infection [4, 5] . However, TasP is inhibited by complex challenges [2, 3] . These include health system and operational challenges in resource-limited settings [3, 6] and the stigmatization of people living with HIV/ AIDS (PWH), particularly key affected populations [i.e. people who use illicit drugs (PWUD), sex workers, transgender individuals, and MSM, resulting in suboptimal levels of testing, access to care, antiretroviral therapy (ART) adherence, and treatment outcomes [7] [8] [9] . Implementation efforts are particularly complex wherein there is insufficient political will to invest in strategies to promote optimal care [9] and reform legal codes that may entrench impediments to implementing TasP such as the criminalization of HIV nondisclosure, illicit drug use, sex work, and same-sex behavior [3, [10] [11] [12] .
Examining determinants of optimal HIV care has been identified as a high priority [13] . A growing body of research has pointed to individual determinants such as illicit drug use, addiction treatment, ART adherencepromoting interventions, physical and mental health comorbidities, housing status, and hunger [14] [15] [16] [17] [18] . This work has likewise identified broader social and structural determinants ranging from healthcare system and policy factors affecting sustained access to care, the availability of social supports, the criminalization of PWH, exposure to correctional environments and access to basic material needs [17, [19] [20] [21] .
An emerging line of inquiry in this area explores employment's role in HIV treatment and clinical outcomes. Employment promotes engagement and retention in care through improved material security, medical service access, social support, time structure and psychosocial well being [22] . A recent systematic review identified a 27% increase (range: 13-71%) in the likelihood of optimal ART adherence among employed individuals [23] . However, significant employment challenges for PWH persist, including managing episodic illness and comorbidities, maintaining status confidentiality, workplace discrimination, and insufficient workplace accommodation [22, 24] . Furthermore, there exist considerable and widespread barriers to employment, particularly for key affected populations, including PWUD [25] .
Comparatively poor labor market outcomes among PWH and PWUD engaged in high-intensity or polysubstance use are well documented [24, 26] . In the absence of viable employment, PWUD and PWH often rely on prohibited income generation strategies that include drug dealing, sex work, acquisitive crime, and street-based income generation (e.g. panhandling, window washing, informal recycling, etc.) [27] . These activities are linked to elevated risk for HIV transmission, extreme violence, and death [11, [28] [29] [30] . As such, involvement in prohibited income generation may produce and reinforce the health equity impacts of socioeconomic marginalization by embedding vulnerable individuals in drug use scenes and producing institutional disengagement from systems of health treatment and care or a lack of trust in care providers reinforced by stigma or criminalization [7, 8] .
An increased understanding of the implications of socioeconomic marginalization for HIV care may be significant in addressing modifiable individual, social, and structural factors that could mitigate disparities in access to, retention in and adherence to HIV treatment. However, very little has been documented about the impact of prohibited forms of income generation on HIV treatment and clinical indicators among PWUD. To address this gap, we undertook this study to examine potential associations between prohibited income generation, ART adherence and virologic nondetectability among HIV-infected PWUD in Vancouver, Canada, a context where all HIV care and treatment is provided universally on a no-cost basis.
Methods

Study population
We used data from the AIDS Care Cohort to evaluate Exposure to Survival Services (ACCESS), a long running prospective cohort of HIV-infected PWUD in Vancouver, Canada. As detailed previously [31] , cohort recruitment began in 1996 using community-based methods in Vancouver's Downtown Eastside (DTES) neighborhood. All individuals in ACCESS must be HIVinfected, be at least 18 years of age, and have used illicit drugs other than cannabis in the month prior to enrollment. After providing written informed consent, at baseline and during semiannual follow-up study visits thereafter, participants complete an interviewer-administered questionnaire, provide a blood sample for serologic testing and complete a nurse-administered questionnaire and examination. Questionnaires seek participant data on socio-demographic characteristics, drug use, income generation, and other relevant exposures. Participants are provided $30 CAD honoraria for each study visit. Ethics approval for ACCESS has been obtained from the Providence Healthcare/University of British Columbia Research Ethics Board (approval H05-50233).
ACCESS data were, with consent, linked to each participant's HIV care and treatment profile, supplied by the Drug Treatment Program of the British Columbia Centre for Excellence in HIV/AIDS (BC-CfE) [21, 31] . As the centralized, province-wide ART dispensary and HIV clinical monitoring laboratory, the BC-CfE possesses complete prospective profiles of CD4 þ cell counts, plasma HIV-1 RNA viral load (VL), and ART dispensation records for all individuals who have tested positive for HIV in British Columbia. Individual questionnaire data are linked with all relevant clinical information available during the 6 months prior to follow-up interview, including HIV treatment, CD4 þ and VL measurements. As all HIV/AIDS care is provided on a universal, no-cost basis in the province of British Columbia, analyses are free from potential confounding from more complex healthcare arrangements linked to employment contracts or the financial ability to pay.
The analytic sample of the study was restricted to ACCESS participants exposed to HAART. This included all observations from individuals who had received at least 1 day of HAART prior to enrolment and those from the point of HAART initiation onward from individuals who were HAART-naive at baseline. Additionally, the study sample included only those individuals who had at least one CD4 þ cell count and VL observation within 180 days of study entry. The baseline observation for individuals initiating HAART during the observation period was considered to be the first follow-up interview after their exposure to HAART.
Variable selection
The primary outcome of interest for this study was virologic suppression. Suppression was defined as having achieved a nondetectable HIV-1 RNA viral load of less than 50 copies/ml plasma in the previous 6 months [15] . In cases with more than one measure of VL within a 6-month follow-up period, we used the median of all observations. For example, if a participant contributed two VL measurements during one observation period, one greater and one lower than 50, the median would be used and if the median was greater than 50, the person would be classified as having detectable viremia during the observation period in question. In cases wherein there was no VL measurement available during a given observation period, the measurement from the previous observation was carried forward. Our key covariate of interest was prohibited income generation, which was defined, in response to the question, 'Over the last six months, what were your sources of income?' as any report of sex work (i.e. exchanging sex for money); illegal income generation such as theft, drug dealing, or other acquisitive criminal activity; as well as street-based income sources, including window washing (i.e. 'squeegeeing'), informal recycling (i.e. 'binning'), or panhandling. Included as a time-updated measure, this variable was considered a proxy for socioeconomic marginalization given these activities' characteristics as illegal, quasilegal, sanctioned, or socially stigmatized activity [11, [32] [33] [34] .
To estimate the relationship between prohibited income generation and virologic suppression, we additionally considered a series of secondary potential confounding variables based on previous research in this setting [15, 20] . We examined demographic characteristics of age (per additional 10 years); sex (female vs. male); white ethnicity (vs. non-white). We additionally considered time-varying drug-related activities and other relevant exposures. These included high-intensity drug use (at least daily injection of heroin or cocaine or noninjection crack-cocaine use vs. less than daily use); homelessness (yes vs. no), defined as living on the street or having no fixed address; incarceration (yes vs. no), defined as having been held in jail or prison; and enrollment in addiction treatment (yes vs. no), including detox, living in a recovery house, residential house or attending a treatment center, 12-step programs (e.g. narcotics anonymous), methadone maintenance therapy or other opioid substitution therapies, outpatient treatment, or drug-treatment court, in which individuals are offered alternatives to prison sentences provided they enroll and maintain enrollment in treatment. We additionally included CD4 þ cell counts (CD4 þ ) and adherence to ART in the last 180 days, derived from pharmacy refill data. Identified in previous research as a reliable predictor of VL suppression and survival [21, 31] , this measure was calculated by dividing the number of days for which ARTwas dispensed in the last 180 days by the number of days since ART initiation, capped at 180. We dichotomized this variable at 95%. All time varying covariates are time-updated measures referring to the 7 months prior to follow-up interview unless otherwise stated.
Statistical analysis
First, we longitudinally examined trends in licit and illicit income generation during the study period. Second, we examined the baseline characteristics of our analytic sample stratified by whether participants achieved virologic suppression during the study period using Pearson's ? 2 test for categorical variables and Wilcoxon rank-sum tests for continuous variables. Third, using all available observations (i.e., with participant data from multiple follow-up interviews), we estimated longitudinal bivariate relationships between our covariates of interest and virologic suppression using generalized linear mixed-effects regression modeling techniques. This strategy accounts for the correlation of multiple measures from the same participant over time and serial correlation across observations collected at the same time point. Fourth, we used generalized linear mixed-effects regression to construct multivariate models using an a-priori multivariate manual stepwise model building protocol. Starting with a full model including all covariates of interest, each successive model excluded the covariate from the previous model that produced the smallest relative change in the prohibited income generation coefficient. We continued this process until the maximum change from the full model exceeded 5%. This strategy, used extensively in previous analyses [21, 29, 35] , produced a final model that retains those covariates with the greatest relative influence on the relationship between the outcome of interest and the key covariate of interest.
Fifth, we conducted a mediation analysis following procedures recommended by Baron and Kenney [36] to examine whether the association between prohibited income generation and virologic suppression was mediated by an intermediary relationship between prohibited income generation and adherence to ART. This involved constructing three initial multivariate longitudinal general linear mixed-effects regression models to determine relationships: between prohibited income generation and ART adherence (path a); ART adherence and virologic suppression (path b); and prohibited income generation and virologic suppression (path c). We then constructed an additional model including both prohibited income generation and ART adherence as predictors of virologic suppression to determine path c'. Finally, we conducted a Sobel test [37] to determine the statistical significance of the proposed mediation pathway. All analyses were conducted using R v3.1.0 (R Core Team, Vienna, Austria).
Results
From December 2005 to May 2013, 687 eligible participants provided 4713 observations and were under observation for a median of 3.8 years [interquartile range (IQR) 2.3-6.0] and four six-month observation periods (IQR 2-7). Individuals who were ART-naive throughout the observation period and therefore excluded from analyses (n ¼ 129) were, at baseline, more likely to be younger (P < 0.001), homeless (P ¼ 0.037), to use injection heroin on a daily basis (P ¼ 0.005), and less likely to be enrolled in addiction treatment (P ¼ 0.003). Of those included in analyses, 234 (34.1%) self-identified as women and 384 (55.9%) as white. Among non-white respondents, 257 (37.4%) reported aboriginal ancestry (e.g. First Nations, Aboriginal, Inuit, or Métis), nine (1.3%) reported black African or Caribbean ancestry, seven (1.0%) reported East Asian ethnicity (e.g. Chinese, Japanese, or Vietnamese), six (0.9%) reported Latin American ethnicity and 24 (3.5%) reported another ethnic ancestry. Table 1 identifies baseline characteristics of the study sample stratified by whether virologic suppression was achieved during the study period. Older individuals, men, and participants who, at baseline, were not homeless, did not inject heroin or use crack on a frequent basis, were at least 95% adherent to ART, had higher baseline CD4 þ T-cell counts and lower baseline VL were significantly more likely to achieve virologic suppression. Figure 1 depicts the proportion of the study sample reporting different income generating activities over the course of the study period. Of key relevance, 391 participants (56.9%) reported prohibited income generation at least once. Additionally, the significant majority of individuals received social assistance (median rate 96.8%, IQR 95.6-97.2%), followed by relatively low rates of regular, temporary, or self-employment (median 18.0%, IQR 15.9-18.8%), and declining rates of streetbased income generation (median 19.3%, IQR 15.3-22.8%), sex work (median rate 8.1%, IQR 5.9-9.8%), and illegal income generation (median 4.3%, IQR 3.0-6.1%). Totals across all forms of income generating activity at each time point are greater than 100% as most individuals in this context generate income from more than one source, for example, by both receiving social assistance and engaging in street-based activities. Over the course of the study period, fully 98.8% of individuals received some form of social assistance, 43.5% engaged in regular, temporary, or self-employment, 41.8% undertook street-based income generation, 16.7% were involved in sex work, and 16.6% engaged in acquisitive criminal activity.
Results from bivariate and multivariate generalized mixed-effects analyses of factors associated with HIV-1 RNA levels of less than 50 copies/ml are displayed in Table 2 . Of key importance is the negative association between prohibited income generation and undetectable viremia found in bivariate analysis [odds ratio (OR) ¼ 0.60, 95% confidence interval (CI): 0.45-0.78] and multivariate analyses [adjusted odds ratio (AOR) ¼ 0.68, 95% CI: 0.56-0.97] following adjustment for hypothesized confounders, including ART adherence, homelessness, age, and high intensity drug use. Fig. 2 , demonstrated that there was a significant and negative association between prohibited income generation and ART adherence, as well as a strong association between ART adherence and virologic suppression. When the association between prohibited IGA and undetectable viremia was evaluated after controlling for ART adherence, the significant relationship between prohibited income generation and virologic suppression remained, although the strength of this association decreased. These analyses indicate that ART adherence was a partial mediator in the relationship between prohibited income generation and virologic suppression (Sobel test statistic ¼ À1.95, P ¼ 0.05). 
Subsequent mediation analyses, depicted in
Discussion
In this study, we described long-term income generation trends among HAART-exposed, HIV-infected PWUD and the significant involvement of participants in prohibited income generation activities. We further reported a significant negative relationship between prohibited income generation and virologic suppression, as well as partial mediation of this relationship through a negative association between prohibited income generation and adherence to ART. These findings suggest that socioeconomic marginalization among PWUD and its attendant impacts decrease the likelihood of retention in HIV care and of subsequently achieving optimal clinical HIV outcomes. This decrease may be attributable to individual, social, and structural factors that link engagement in prohibited income generation to decreased stability, exposure to violence, barriers accessing care, or detachment from care providers [8, 30, 38] .
Previous research has highlighted how a lack of access to appropriate employment is a key driver of socioeconomic and health inequity [39] . This study reinforces these findings by outlining how socioeconomic marginalization has direct implications for HIV treatment and clinical outcomes among PWUD through exposure to drug use and sex work scenes, as well as street-based income generation activities [11, 27, 28] . It further adds to a growing literature identifying social, environmental, and structural contributors to suboptimal HIV treatment and virologic outcomes among PWUD [7, 8, 17, 40] . To our knowledge, this is the first study to document prohibited income generation activities among HIV-infected PWUD and their association with HIV clinical indicators. It thereby begins to address our extremely limited understanding of the impacts of economic activity outside the formal labor market on engagement and retention in HIV care.
The current study departs from previous analyses that have framed socioeconomic marginalization in terms of barriers to employment or high unemployment rates [24, 25] . It instead redirects attention to the role of income generation activity undertaken outside the labor market to meet basic needs and maintain active drug use [27, 28] . That socioeconomic marginalization pushes people to undertake prohibited income generating activity is of key relevance to issues of health equity. Although in some cases these activities provide a low-barrier and flexible means to generate much needed income [33, 38] , they are also associated with increases in exposure to drug use scenes, violence, increased criminal justice system 2492 AIDS 2015, Vol 29 No 18 Table 2 . Generalized linear mixed-effects analyses of factors associated with plasma HIV-1 RNA viral load less than 50 copies/ml among 687 antiretroviral therapy-exposed, HIV-positive people who use illicit drugs. involvement, unsafe work environments, exploitation by employers and clients, and income insecurity [11, 30, 33, 38] . The current study therefore contributes to a more robust understanding of how health disparities among HIV-infected PWUD are established and entrenched through socioeconomic marginalization enacted through legal codes, social sanctions, a lack of viable licit employment opportunities, and subsequent exposure to high-risk socioeconomic environments.
Notably, in the current research context HIV care and treatment is provided on a universal, no-cost basis, and PWH have access to government-provided social assistance provisions. The negative relationship between prohibited income generation and virologic suppression found here may therefore be less pronounced than would be found in other, less supportive environments, reinforcing the potentially critical impact of socioeconomic insecurity on HIV outcomes.
This research points to an urgent need to evaluate interventions aimed at mitigating the socioeconomic marginalization that relegates HIV-infected PWUD to generate income using strategies that involve illegal, quasilegal, or socially sanctioned activities. Such interventions may include increases in social assistance levels which, in the current study context, are not indexed to inflation, and have not been raised since 2007 [41] ; legal frameworks that do not disproportionately criminalize and stigmatize HIV-infected PWUD; and appropriate labor market opportunities for HIV-infected PWUD. Such opportunities could include increased access to lowthreshold employment that accommodates ongoing health and social service utilization, comorbid conditions, disability, and episodic absences from labor market participation. Previous research has highlighted the importance of workplace accommodations for PWH [42] and individual willingness to forgo street-based income generation strategies if low-threshold employment opportunities were available [38] . Although the impacts of such interventions are thus far unclear, strategies that mitigate the harm experienced as a result of involvement in prohibited income generation could have potentially significant impacts on engagement in HIV care, subsequent clinical and health outcomes, and the risk of onward viral transmission. Finally, strategies to optimize adherence among individuals involved in prohibited income generation activities, including accessible addiction and mental health treatment, should be scaled up to attempt to optimize virological responses among this high-risk group.
Like all observational studies, the current analysis is subject to a number of limitations. First, ACCESS is not representative and may not be generalizable to other groups of HIV-infected PWUD. Second, there is the possibility for social desirability or recall biases due to the self-reported nature of nonclinical measures, which could result in underreporting or overreporting prohibited income generation. However, we have no reason to believe individuals would overreport prohibited income generating activities. Any resulting biases would be conservative in nature and therefore underestimate the strength of the relationship between prohibited income generation and virologic suppression. Third, there is the potential for unmeasured confounding from factors not considered here. To mitigate this potential bias we have included as covariates several indicators found to be associated with ART adherence and virologic suppression in the current study context [15, 20] . Finally, all available behavioral data were used in analyses to avoid biases associated with listwise or casewise data deletion methods [43] .
In sum, alongside scientific evidence supporting the role of TasP-based approaches to the control of the HIV/ AIDS pandemic [1] , there is growing need to identify factors that affect optimal engagement in HIV care [13] . An emerging focus on employment [23] has thus far neglected to consider prohibited forms of income generation despite the significant proportion of HIVinfected PWUD who engage in such activities. The current analysis begins to fill this gap, pointing to key barriers to optimal HIV care among PWUD by identifying a significant negative association between prohibited income generation and virologic suppression, a relationship that is partially mediated through the relationship between these activities and suboptimal adherence to ART. The socioeconomic marginalization or HIV-infected PWUD may operate through the criminalization of this vulnerable population, the stigmatization of this key affected populations, and significant barriers to employment among PWH and PWUD [7, 9, 24, 26] . Despite scientific advances in the treatment of HIV, these findings point to a pressing need for the implementation and evaluation of interventions and policy changes that mitigate pressures towards prohibited income generation. The promotion of adequate social assistance income and viable licit labor market opportunities such as low-threshold employment may result in potentially substantial clinical benefits and should therefore be a prominent focus in efforts to promote optimal engagement in HIV care.
